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 This paper deals with the Wireless Sensor Network comportment in the south 
west region precisely Bechar city. Algeria has the highest technical and 
economic potentials for solar power exploitation in the Middle East and 
North Africa region. In this paper, the focus is on the behaviour of Wireless 
Sensor Network (WSNs) supplied by solar panel PV connected to node via 
boost converter (DC/DC) controlled by maximum power point tracking 
(MPPT) technique, using the incremental conductance (IC) algorithm to 
extract maximum power. In Our present work, many tests were carried out. 
The WSNs are examined under sever and different temperature and 
irradiation variation. The obtained result is satisfactory for our (WSNs) 
simulated in a MATLAB/SIMULINK environment. The performances of 
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The miniaturization of embedded electronic equipment continues to increase while they are destined 
to accomplish more and more complex tasks. Due to their small size and the high energy consumption 
imposed on them, the Constituents of sensor networks can not compete with computers, smart phones, tablets 
or other handheld terminals in terms of processing capacity of data, storage and communication. It is 
therefore important to be able to consider energy consumption very early in the cycle of design and 
development of embedded systems [1, 2]. 
This study focuses on a particular case of these types of miniaturized equipment these are 
the wireless sensor nodes. These are electronic devices communicating with each other with wireless links, 
and whose primary functions areto collect and transmit data in a completely autonomous way in energy. 
These communicating systems thus constitute the network and are called nodes sensors. They are necessarily 
each equipped with a catchment unit to observe the environment in which they are placed. The association of 
these nodes forms the wireless sensor network (WSN). Sensor nodes can be immobile or mobile. 
Their position in the network is not necessarily predetermined because they can be randomly dispersed in 
a geographical area (with an algorithm and a self-organizing protocol) or their positions can be specified and 
organized in a targeted area (pre-configured topology) [1, 3]. A sensor network is connected by a point to 
a host system. This connection point is called  the well. All data collected by each node are routed to 
the well or collection point via a multi-hop architecture or only a jump according to the topology of 
the network [1, 4]. 
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The interest in this article is exactly the Wireless Sensor Networks behaviour supplied by solar 
panel PV connected to node under Different Scenarios (Temperature and Irradiation), via boost converter 
controlled by MPPT technique, using the IC algorithm to extract maximum power. It is therefore necessary to 
replace or associate another source of energy then the only source of energy provided by the battery by 
proposing another comparative technique in order to contribute to the improvement of the performances and 
the conservation of the energy in the sensor to extend the life of (WSN). The objective of this study consists 
of the boost converter use controlled by MPPT technique, using the IC algorithm during three scenarios 
service of the node. Simulation and results are simulated in MATLAB/SIMULINK environment.  
The proposed studies give satisfactory results for our (WSN) and which will be more interesting for 
the control and the follow-up of the inverting in the Sahara regions and especially for the types of Multimedia 
data or for mobile nodes. To achieve this goal, the plan  will be the rest of this document in seven sections 
such as: generalities of nodes in wireless sensor networks, then photovoltaic panel (PV) modeling, and later 
on the principle of the IC algorithm, section 5 Boost DC-DC converter for wireless sensor array, simulation 
results and discussion in section 6, at the end a conclusion is given. 
 
 
2. BASIC CONCEPTS of a WSN and DISSIPATION of ENERGY in SENSOR NODE 
The Wireless Sensor Network (WSN) provides the means of monitoring, temperature, sound, 
pressure, among others. They are often deployed autonomously and distributed through the network to 
a centralized location [2, 5]. WSN is a set of small devices that have very limited resources. Typically, they 
are powered by batteries and they are distributed in an inaccessible environment, it seems impossible to 
perform a battery replacement if the batteries are exhausted. Not to mention the massive transmission and 
processing of the WSN network, which makes it more vulnerable to energy depletion [3, 6]. 
The life of a WSN strongly depends on the lifetime of each node in the network. For this reason, it is 
very important to consider that the energy consumption in the nodes wireless sensors. In order to properly 
consider this consumption, the different activities of the nodes must be take into account in the network. 
Thus, the general characteristics of the hardware and software in the sensor nodes and the overconsumption 
often encountered in the WSN we will be talked later. A sensor node is autonomous in energy, it has its own 
source of energy (battery) [1]. It is equipped with an acquisition device (sensor), a processing, 
a communication unit and possibly a displacement system. The processing unit is often attached to a flash 
memory to be able to store data and process them with minimal energy consumption [7], so as to interconnect 
with other nodes, it has a transceiver module often called a communication unit with a very high energy 
consumption. To ensure the long life of the WSN, another source of energy is used and this is mentioned in 
the next section. 
 
 
3. ANALYSIS and MODELLING of the PHOTOVOLTAIC (PV) SYSTEM for SENSOR NODE 
A stand-alone PV system typically consists of three principle blocks: PV array, the MPPT control 
element and DC-DC boost converter. Examination will be show about them in the following paragraph. 
Basically, the PV cell can be described as a semiconductor device, which produce electricity when exposed 
to light. A typical solar cell produces 0.5 to 0.8 volts. To have high voltage, the PV cells has to be connected 
to series and for high current the cells must be in parallel. In this paper, the solar module is developed with 
the help of mathematical model that follows. Here, the single diode model has been proposed. To have better 
accuracy, in single diode model the series as well as shunt resistance ar  also considered [8]. The equivalent 
cell current equation is given as. 
Where the output current and output voltage of PV cell are presented by 𝐼𝑝𝑣 and 𝑉𝑝𝑣 
correspondingly, 𝐼𝑝𝐻 is the photocurrent, the reverse saturation current of diode is designed by 𝐼0 ,the diode 
voltage and the diode current are presented by 𝑉𝐷, 𝐼𝐷 respectively, the symbol of diode idealist factor and 
the Boltzmann constant are a and K, and the sign of the p-n junction temperature and the electron charge are 
T and q.Ki and Kv gives the designation of short-circuit current/temperature coefficient and open-circuit 
voltage/temperature coefficient respectively and 𝐺𝑠𝑡𝑐 presented the actual sun irradiation and nominal sun 
irradiation 103 𝑊 𝑚2⁄  one to one, difference between actual temperature and nominal one (25°C) is the ∆𝑇, 
the nominal photocurrent (25°C and 103 𝑊 𝐼𝑝𝑣𝑚
2⁄ ) is present by 𝐼𝑝ℎ𝑠𝑡𝑐, 𝑁𝑝And 𝑁𝑠 the number of elements 
joined in parallels and series respectively, open circuit voltage is represented by 𝑉𝑜𝑐 , short circuit voltage is 
designed by 𝐼𝑠𝑐 , finally MPP is the maximum power point. The single diode model which includes the series 
resistance 𝑅𝑠 and shunt the resistance 𝑅𝑠, where the output current can be written as  
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The change in temperature and irradiance, directly affects the short circuit current 𝐼𝑠𝑐 , But the diode 
reverse saturation current is mainly affected by temperature only.  The power obtained from PV module 
depends on temperature and irradiance [8]. 
 
 
4. MAXIMUM POWER POINT TRACKING and PRINCIPE of IC ALGORITHMS 
IC was planned to abas on a remark of P-V characteristic curve. This algorithm was created in 1993 
and was anticipated to overwhelmed some drawback of P&O algorithm. IC increases the tracking time and to 
produce additional energy on a massive irradiation changes environment [9]. The MPP can be designed by 










 is negative then MPPT lies on the right side of recent position and if the MPP is positive 



















































 and then the PV voltage must be diminished to touch 
the MPP [10, 11]. IC methods can be practiced for finding the MPP, progress the PV competence, reduce 
power loss and system cost [12, 13]. Application IC on a microcontroller created more stable performance 
when it compared to P&O [14, 15-17]. The fluctuation around MPP area also can be blocked in trade of its 
implementation difficulty. Tracking time still not fast since the voltage increase and decrement had been 
nominated manually by trial and error, IC algorithm can be seen on Figure 1. 
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Figure 1. Incremental conductance algorithms [9] 
 
 
5. BOOST DC-DC CONVERTER for WIRELESS SENSORS 
The sensor is connected to the DC/DC switching converter to provide a regulated DC output 
voltage. The operation of the up-converter comprising two switches and an inductance shown in 
Figure 2 [18, 19]. During the time, the power switch 𝑆𝑊1 is in 𝑂𝑁 state, inductor current flows through 
the inductor L and the power switch 𝑆𝑊1 resulting in the current ramping up waveform [18]. During this 
energy the first is stored in the inductor and the voltage across the inductor is just the input voltage 𝑉𝑖𝑛which 
provides half of the inductor Volt-Second balance. Hence modelling and analysis of the boost converter is  














Applying inductor volt-second balance 
 
0T)D1)(VV(DTV outinin   (11) 
 
The current of the inductor is always greater than zero during the whole switching period when 
the current of the inductor circulates continuously. In continuous conduction mode (CCM) and while 
the boost converter operates in (CCM) the output voltage can be regulated by controlling the duty cycle D 
the conversion ratio of the input and output voltage is given by (10). When the switch S is on the equivalent 




























If considering that the current passing through the inductance and the voltage across the capacitor as 























































































Int J Elec & Comp Eng  ISSN: 2088-8708  
 
































,  10CI   and 0u   
 




























For duration ′(1 − 𝐷𝑇𝑠)  the average of the state equations on a commutation cycle gives 
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The averaged large signal module 
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Figure 2. The boost DC-DC converter for node of wireless sensor networks 
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6. SIMULATION RESULTS 
Following the model proposed in Figure 2, the simulation was carried out to study the wireless 
sensor network comportment. In this model, a type of sensor is used to respond well to our study. Sensors 
come from Telos Mote of Berkeley, and which is characterized by its tension is 4.5 V and which can adapt to 
the maximum voltage of 5V and can work at 1.8V that is a considerably low voltage. Reference voltages of 
Telos are only 2.5 V and 1.5 V connecting to solar panel PV. For the solar panel, Sun-Ceram 3.5x7.8cmis 
chosen, this solar panel has a lower cost and easily available, in this region a typical solar cell produces 
around 0.5 to 0.8 volts and output is about 20% in this area of study, which corresponds to a power of 20 
mW/cm2 under direct sunlight and moreover, it is suitable for our Telos sensor. 
This PV solar panel connected to the sensor node via the DC-DC Boosts convertercontrolled by 
maximum power point tracking (MPPT) technique, using the incremental conductance (IC) algorithm to 
extract maximum power under different scenarios (temperature and radiation) whose objective is to ensure 
a constant output voltage of 5V, The following results were performed under the MATLAB/SIMULINK 
environment Figure 3. In the beginning, there is an illustration about the efficiency of the PV panel, in this 
study area, and then behaviour of the sensor node connects to the same solar panel in this hot region subject 










Figure 4. Node of wireless sensor network scenarios 
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6.1. PV panel results 
The current-voltage I-V and power- voltageP-V curve respectively in different insulation conditions 
the temperature is fixed to 25°C, star point shows peak power of each curve, as insulation increases peak 
power shifted upwards. It is clearly shown in P-V graph, when irradiations increase, the power increase 
dramatically Figure 5. The I-V and P-V curve in different temperature conditions, star point shows peak 
power of each curve, as temperature increases peak power shifted downwards. It is very interesting to discuss 





Figure 5. I-V and P-V characteristic of a solar array 
for a fixed temperature but varying irradiance for PV 
module 
 
Figure 6. I-V and PV characteristic of a solar array 




6.2. Compartment of WSN in Hottest regions 
To study behaviour and test performance of WSN, the proposed system is subject to several 
topologies. Figure 4 shows the detail. The topologies are divided into three phases. In the first phase, 
the temperature is 25°C and the irradiation is set at 1000 W/m2. The power node is 310 mW. In the second 
case, the irradiation is maintained but the temperature increases and reaches the supply node can reach 50°C 
up to 485 mW. The third one, temperature is maintained at 50°C and the irradiation increases the increase of 
the supply node to 635 mW. Temperature variation and radiation are illustrated in Figure 4. 
These three phases can be adapted to the operations of the node according to its energy 
consumption, so that the first phase is in phase of small energy consumption; it is the acquisition and 
the treatment of the data, the second phase the Average consumption is the listening phase of the channel, 
and finally the third phase can be linked to the transmission and reception of data, where the node consumes 
more and more energy. Figure 7 illustrates the variation of the voltage in different scenarios. This curve 
proves the robustness of the MPPT controller using the IC algorithm, despite the variation in temperature and 





Figure 7.Variation of node voltage in 
different phases 
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In Figure 9 shows Vpv from the panel in the different phases. The variation of the voltage in 
the sensor node remains almost fixed at 5V since the variation of the voltage and the current is the same 
through the three phases following the variation of the output resistance, disturbances have no effect on 
the output voltage efficiency of the DC-DC boost converter.Temperature variation and irradiation do not 
affect the WSN behaviour, so the conclusion is the efficiency of the maximum power point tracing technique 
using the conductance increment algorithm. 
Figure 10 illustrates the change in the duty cyclewhich exactly matches the service of our sensor 
nodethat is to say the acquisition of signals, treatment and communication. The nodal variation of current, 
which is almost the same as the power nodal variation in Figure 8, is observed in Figure 11 and consequently 
gives it the variation of V mean voltage in the different phases Figure 12, according the boost converter is 
examined by varying the output node resistor, the variation of the voltage in the node still remains  
around 5V. The disturbances do not distract the efficiency of the boost DC-DC converter output voltage is 
illustrated in Figure 13. The variation of temperature and temperature is not affect the behaviour of the WSN, 






Figure 9. Variation of Vpv from de panel in 
different phases 
 
Figure 10. Duty cycle of bidirectional DC-DC 





Figure 11.Variation of V means voltage in 
different phases 
 





Figure 13. Variation of I diode of the PV panel in different phases 
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7. CONCLUSION 
This article presents a model for sensorsin a hot region whose long-term goal of wireless sensor 
network operation the MPPT method controlled by the IC algorithm seems very suitable for the supply of 
wireless sensor nodes in the Saharan region, andeven the power variations does not interfere with 
the performance of the boost converter. In addition, the user types of wireless sensor networks in the employ 
is more than 50% of the time remains in active state (multi-media sensor, mobile sensor) and even 
communication sectors that are essentially trying to maximize energy and  minimizing costs should take into 
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